Identification and properties of an inducible phenylacyl-CoA dehydrogenase in Pseudomonas putida KT2440.
A novel acyl-CoA dehydrogenase that initiates beta-oxidation of the side chains of phenylacyl-CoA compounds by Pseudomonas putida was induced by growth with phenylhexanoate as carbon source. It was identified as the product of gene PP_0368, which was cloned and overexpressed in Escherichia coli. This phenylacyl-CoA dehydrogenase was found to be dimeric with a subunit molecular mass of 66 kDa, to contain FAD and to be active with phenylacyl-CoA substrates having side chains from four to at least 11 carbon atoms. The same enzyme was induced by the aliphatic alkanoate octanoate. The optimal aliphatic substrates for the enzyme were palmitoyl-CoA and stearoyl-CoA, a property shared with mammalian very-long-chain acyl-CoA dehydrogenases. The FAD in the enzyme was reduced by aromatic and aliphatic substrates, with changes to the oxidation-reduction potential. Chemical reduction by dithionite ion and oxidation by ferricyanide ion showed that the enzyme can accept four electrons: two to reduce the flavin and two to slowly reduce an unknown acceptor, which in its reduced form interacts with the oxidized flavin in a charge-transfer complex. The experiments identify for the first time an acyl-CoA dehydrogenase that oxidizes the activated forms of aromatic acids similar to those used to first demonstrate the biological beta-oxidation of fatty acids.